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INTRODUCTION
Many recent studies have documented changes in gene q r e s s i o n that accompany exposure to ionizing radiation, with the modulated genes including those encoding cytaskeletal elements 11-31, oncogenes 14.51, cytokines [l ,SI, protein kinase C 171, and many other cellular proteins IS-lOj. It is believed that this early gene modulation (occurring within the first four hours following exposure) is important i n modulating later cellular events such as DNA repair, inhibition of DNA synthesis, changes in cell shape, or modulation of later genes [8,11,121. c-m. c -m , histones, and others [13] [14] [15] [16] . Genes induced by protein synthesis inhibitors are considered to be regulated intracellularly in a negative manner by a labile protei&). In this report, we also have included studies of the expression of the matrix-associated protein fibronectin following radiation exposure. We have used doses and time-points shown in previous work to be optimum for studies of gene modulation. Past work also has shown cycling cells to be more sensitive 
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PUriRcation of RNA and Northern Blots. RNA was prepared by isolation in 6 M guanidine isothiocyanate, extraction with phenol, and precipitation from 3 M sodium acetate, pH 6.0 as previously described [ 1-31. Poly(A)+ RNA was isolated by oligodeoxythymidylate cellulose chromatography detecting RNA as absorbing at 254 nm was detected. RNA was separated by using formaldehyde agarose gel electrophoresis as described previously 11-31. Northern blot transfern were performed as described previously 11-31. in some experiments, the same blot was washed and hybridized successively to several different probes [ 1-31. Relative quantitation of the hybridized probe was determined by using a Hirsehmann microdensitometer (Frankfort, Germany). All results were averaged from three independent observations. Although equal amounts by weight, as determined by spectrophotometry, of RNA were loaded into each well of a given gel, we found sufficient variation from one preparation to another to make poly@)+ analysis essential; mRNA analysis systems measuring the molar concentration of RNA with 3 ' poly(A) tails fMolecular Genetics Further Northern blot experiments aimed at examining effects on a-tubulin and fibronectin expression are presented as microdensitometric results in Table 3 . These experiments revealed that while a-tubulin was induced following low dose-rate neutron exposure, cycloheximide diminished the response. For fibronectin mRNA expression, moderate induction was observed following exposure to high dose-rate neutrons or high-or low-dose-rate y rays. Low dose-rate neutrons had no effect.
However, cycloheximide provided for induction following low dose-rate neutron exposure but diminished the response following high dose-rate neutrons or high or low dose-rate y rays. This suggests that the dose-rate at which neutrons and/or y rays are administered may significantly affect the cellular response to the radiation. Recent work by several groups 121-241 has documented a dose-rate effect for neutrons that appears to be dependent upon stage of the cell cycle. In this study, we set out to determine whether effects of low vs. high dose-rate radiations would be evident in the molecular response of the cell to the radiation exposure. Our results demonstrated little effect of neutron dose-rate on accumulation of a-tubulin and fibronectin mRNA. This is consistent with past results in which similar expression patterns of y-actin mRNA following high-and low-dose-rate neutrons and y rays were detected 131.
In further studies aimed at determining the role of labile proteins in the molecular response of the cell to ionizing radiations, we examined the effects of cycloheximide on these low and high dose-rate responses. These experiments determined that while cycloheximide had no effect on expression of the actin transcripts. the inhibitor caused repressed accumulation of a-tubulin mRNA following 9229 high dose-rate neutrons or 7 rays; a similar response did not occur following low doserate exposures. In addition, cycloheximide abrogated the moderate induction of fibronectin mRNA which occurred following exposure to 7 rays and high dose-rate neutrons. These results suggest either (a) the involvement of some unidentined labile protein in the maintenance of a-tubulin and fibronectin mRNA levels following exposure to ionizing radiations or (b) that radiation induces the synthesis of a protein which is necessary for fibronectin mRNA. In addition, the data suggest that the cellular/molecular response to low and high dose-rate neutrons and y rays is quite different and involves different intracellular mechanisms. Further experiments will be required to dissect these responses.
It should be noted that under the conditions reported here, we did not observe an induction of p-actin mRNA following exposure to cycloheximide as had been reported by other groups [ 13,141. We believe that this is peculiar to SHE cells since we have demonstrated induction of p-actin in other cell types (HeLa) following inhibition of protein synthesis [Ubertin, Panozzo, and Woloschak, unpublished observations). However, the fact that c-f& and c -u (not shown) are induced in this system demonstrates that the cycloheximide concentrations used here are appropriate for the anaiyses. 
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*Denotes significantly different from untreated (0) controls at p < -0 5 . =Cycling S H E cells were exposed to doses and dose-rates of y rays as shown above. 1 h post-exposure RNA was harvested and analyzed by Northern blots.
bRelative expression of a-tubulin in untreated cells was set at 1.0.
other a-tubulin levels are expressed relative to that. Values in parentheses are standard deviations.
All
CRelative expression of fibronectin mRNA in untreated cells was set at 1.0.
All other fibronectin mRNA levels are expressed relative to that.
dCycloheximide (100 pg/mL) was given 10 min prior to irradiation, and cells w e r e harvested 1 h after completion of the radiation exposure%tandard deviations are in parentheses.
*Denotes significantly different from untreated ( 0 ) controls at p < 0 . 0 5 .
